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Citiians' Workshopi are a program of the 
Enerjy Research and Devalopment Admirtistration 



America's prospenty ard Iiigli standiird of liying were buill upon 
readily available, inexpensive supplies of eriergy, Our industrial strength, 
agricultural bounty, comfortable homeSj fast and easy transpDrtatiori of 
pBQpk and goods-all of these things consume high levels of energy, 
primarily fossil fuels, 

Since fossil fuels are limited, it is clear that we will need to change 
both our habits of energy use and our sources of energy supply, These 
changes will require that the Ameriean public make a number of important 
choices. And to do this int^lligeintly, the public must be better informed 
about the basic factors Involved and their interrelatioiishlps. 

The Energy Research and Development 

Adrninistratjon (ERDA) ii making 
a detarmined effort to provide 
American citizeni with the 
kind of information they 
will need to make 
wile choices. The 
Citizens* Workshop 
rrogram on Energy 
and the In^irorimant 
is one of the ways that 
ERDA u usiiig to provide 
this information, 
A Citizens* Workshop brings together 
a group cf intirasted citlzani and a knawledgeable 
scientist to provide an opportunity to dev^elop national energy 
and envirDnmental decisions baied on individual preferenees. Uiing the 
Enefgy-lnvirQnment Simulator (an analog computer deciiion-malcing 
gamejj eitizens are able to make jud|rnenti on the tise of energy resources, 
environ me ntal effects, growth, and the quality of life. Ai in the real world, 
enaro resources are exhauitible and aJternatlve energy resources must be 
developed. In this way, participants are able to gain a batter perspective on 
the eneriy problems contronting us today and the need to plan for the future. 
Citizens* Workshops ano other ERDA information activities iBake 
available to the public basic facts for inaking decisicns in the whole area of 
energy use and conservation, Thay emphasiae thecomplejtities of the 
factors iiivolved in energy probleins and the need to take positive action 
toward energy conservation and the development of alternative 
energy sources, 




Robert Seamansj Jr., Adniinistrator 

Energy Research and Developnient Adminiita'atlori 
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Citizens^ Workshops 

on Enei^y 
and the Environment 

We have a number of options for meeting our present 
and future energy requirements, including fundamental 
decisions about population growth, conservation of resources, 
demands on energy, environmental consequences, and 
development of new energy technology. 

The Citizens' Workshops sponsored by the Energy 
Research and Development Administration are designed to 
acquaint the public with the compleKities of the energy- 
environment situation. They give the participants a chance to 
face in a simulated situation, the same kinds of decisions 
encountered by reaHife policy-makers, and to learn more 
about the complex relationships among energy demands, 
energy supplies, and environmental pollution. 

This activity is made possible by the 
Energy-Environment Simulator, a computer-like device 
that imitates the real world. The simulator has been likened 
to a time machine, on which time speeds by at a rate of 1 00 
years per minute. The participants must make decisions by 
controlling energy supplies and demands. The object of the 
game is to maintain a supply of fossil fuels for as long as 
possible and to keep the environment as clean as possible. 
In addition to the time clock, the simulator has 

four functional areas: 

1 The Energy Supply allows one to draw trom 
coal, petroleum, gas, hydroelectric, nuclear and geotherm^al 
reserves. As time passes, indicator lights show the amount of 

reserves remaining. , * ■ i 

2 The Energy Pools, either chemical or electrical, 
show how the resources are to be ^nverted. Energy from 



oal, petroleum, and gas can be directed into either pool; 
ivdroelectrlc, nuclear, and geothermal can only go into the 
lectric pooh The participant chooses the distribution. 

3. En&rgy D&msnds are divided into three major 
reas-induatrial, transportationj and household/commercial. 
;nergy demand grows In each area as time paises, The 
articlpanti can adjust demands up or down and can control 
opulation growth and per-capita energy growth. 

4. The Environ mental Impact of the decisions are 

1 the last section: air pollution, thermal effects, radioactive 
^asteSj etc. The per capita energy consumption is also 
^presented here, 

Froni remote panels, teams of players control the 
Litcome. There are an infinite number of outcomes, with no 
7rr&ct answers. No t^o groups will ever reach the 
ime results* 

The Citizens' Workshops also provide the opportunity 
)r discussion of a wide variety of issues relating to energy 
id the environmeiit. They are conducted by qualified 
lergy specialists from across the country as a public 
kication activity of the Energy Research and Develop- 
ent Administration. 
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Man has been UBing energy since he first appeared on 
earth thousandi of years ago. But only m the past century has 
mail's use of energy threatened to o'verwhelm his environnientp 

Primitive man consumed energy^ for the most part, in 
the form of food: Energy from the sun v^m converted by 
photosynthesis into the plant life which he, or the animals he 
hunted, ate. The earth's populatiDn was SQanty and demands 
for energy were few. 

At some time in the distant 
past^ man discovered fire 
and learned to use it. But it 
wasn*t until man learned 
how to create fire, perhapi 
while chipping flint tooli 
and weapons^ that he began 
the Journey out of the Stone Age. 

When man settled 
down to cultivate the land, he 
trained animals to work for him, and for countless 
centuries animals supplied most of man's energy. In some 
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parts of the world , they still do. Men ulso turned to otlier 
men to meet growing energy necdn: The Egyptians built their 
pyramids with slaves, a method of harnessing solar 
power (humuns, like animals, receive 
^ their energy indiiectly from the 

sun throiigli food) that other 
civilizatians, including our 
own, have relied upon, 
But demands for 
energy also tapped 
nnan's creativity. 
The wind was 
made to turn 
windmills and push 
sailing ships, and 
water wheels began a 
technology that has led 
to the huge hydroelectric plants of today. 

The industrial revolution brought machines for 
converting energy from one form to another that irrevocably 
changed man's life and his relationship to his environment. 
First came the steam enpne, and then, within a short time, 
the internal-combustion engine--and both had relentless 
appetites for new fuels. Coal for the steam engine replaced 
wood as the primary source of energy In the industrialized 
societies, and as the internal-combustion engine was 
accepted J the demand for oil grew. 

The steam engine made energy portable on a large 
scale for the first time: Factories no longex had to be near 
riverSj and locomotives and steamboats revolutionized 
transportation. Electricity brought new uses for the steam 
engine: Less than 100 years ago, a coa!*fired steam engine 
was joined to a gentrator and the first oeiitMil-power- 
leneratini station turned on the Ughts of New York City. 
Electricity is now essential to our civilisation. 

Petroleum products, before the internal-combustion 



engine, luid beun usuU nmnly for patent rnedlglnes, altliougli 
kerosan^ hac3 replaced wliulu oil anti c^ndlc^and wan 
beginning to be imd Tor heating, Gasioline, however, had 
been a waited by^produet, Now, the inilUanH of ears, truekH, 
and bmm crowding our highwayH are all ppwered by internal 
eOmbuHtion enyine.s; so are the uirplariys, ships, and trains. 
All of them depeiRl on pctroleuiTi for (ml 

Anollier form of energy is naw pluyirig n signincanf 
role: the mm. Albert Hinstein's theorvUcal basis Ibr 
nuclear fi^^ion, E-mc2, was romiulatcd in I90S. But it was 
not until 1942 that sclentii^tH in Chlaigu, working under 
nnrieo Fenni, created the first Keir^sUfilulning nuclear chain 
reaction, This new form of energy wai^ llrst \md for 
weapons rlic atomic bombs that brought World War 11 to a 
devastallng, but conclusive end. Followhig tlie war, however, 
peacetui applications of nuclear energy were pursued and 1 2 
years lat^r the Jlrst large-scale commerciul nuclear power 
plant began gen eniting electricity in Shippiingporl, Pennsylvania. 
Today, we draw our energy from u variety 

of sourc^H^ primariiy from 

running water, fossil t\iels 

and nuclaar fission, In 

the past lew years, 

however, we have 

been forced to A 

reallEe th^it fossil fuels ^ 

are finite and that wc 

have been wasteful with resources 

that had always seemed limitless. Now, we must im 

these fueh more wisely and develop new sources of energy. 

How Serious? 

In the U, S,, we use more thyn 30 times the energy we 
used 100 years ago-but the population hm increased only 
seven-fold. This means that each American h using about 
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four times moru energy than his greal-grandparen s. Every 
person in this country uses approximately 400 million BTU s 
of energy each year; twice as much as a person m Great 
Britain, three times as much as the average Frencli citizen, and 
froni 10 to 100 times the amount of someone in a developing 
country We have only six per cent of the world's population, 
vet we consume about one-third of the world's energy. 

Energy consumption by individual Americans-and by 
U S industry^kecps going up. Just compare modern suburban 
homes with vintage 1949 houses. Today's are centrally heated 
and air conditioned, with labor-saving appliances ranpng from 
dishwashers to electric toothbrushes. In the garage, there are • 
most likely two cars waiting. 

Since the turn of the century, we have come to rely 
more and more on oil and natural gas. Today, these fuels 
supply more than 75 per cent of our needs, which is far 
beyond our domestic production. Each year we import more 
oil and natural gas. In 1973, for 
example, we imported more than 
35 per cent of our petroleurn-an 
amount equal to our total 

consumption in 1 950. 
We still have large supplies of 
coal, but use it for less than 18 
per cent of our energy. Electric 
power from water is limited by 
the lack of suitable sites; four per 
cent of our energy is from hydropower, 
a figure that is not expected to grow signiricantly. 
Within 1 0 years, nuclear power plants will be meeting 
up to 10 per cent of the demand; and by the year 2000, 
energy from the atom will supply more than a quarter 

of our energy. 

It is still early to speculate about emerging energy 
sources. Geothermal power provides a small part of our 
energy and is expected to provide sUghtly more in the future. 
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The Sim, wind, tides, fusion, magnt'tohydrodynaniics, oil 
shalep pliDtosynthesis, ocean gradients, and others, are being 
investigated, but it will be years before any of them really 
begin to pay off. In the meantime, we must make do with 
what we hav^e: coal, oil, natural gas, and hydroelectric and 
nuclear power. How we manage these resources over the mxt 
few decades is a critical question, 

How Much is Left, 

Where is it^ 
How is it Used? 

If we had to depend solely on domestic resources, 
how long would they last? Estimates vary, but 
we know roughly how much is left. 

Coal resources are e "mated 
a( 3.2 trillion tons, but coal 
reserves (that is, coal which 
can be economically 
recovered by present 
methods) are 
considered to be 
only 390 billion 
tons. This ineans, at the 
present rate of usage and 
growth, OUT coal reserves 
would last SOO to 600 years. 

Natural gas has beconie popular because it is cheap 
and clean* In 1970, known reserves were reported to be 291 
triUion cubic feetj wlthyemand around 18 trillion cubic feet 
a year and increasing rapidly, Unfortunately, natural gas is 
being disco vered at a slower rate than it is being used; 
V, S, reserves could be exhausted before the end df the century. 

Petroleum, the mainstay of U, S, energy, meets more 
than 4S per cent of our energy needs. The U. S., which has 
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oil re^ierves of 354o40 billion barrels, uscr moru than 14 
million barrels each day. Estirnutcs of undisQOVered, 
economically recovurable oil rangu from 60 billion to 
400 billion barrels. 

Seven per yent of our petroleum, 18 per gcnt of our 
natural gas and 65 per cent of the coal vye use is burned to 
genemte cleclridty. Other mmhodg of generating clcctriuiiy 
are hydropower, nuclear fismon reactoi^, and geothermal 
power. Hydroeleotric power furnishes about four per cent 
of our electricity, a proportion that will remain stable until 
the end of the century, when most of the suitable river 
sites will have been dammed. 

There are few geothermal sites in the U. S., most of 
them in the West, and only one has been developed* But even 
when all available iitee are in use, geothermal power will 
provide less than one per cent of our energy, 

NueJear energy now supplies about one per cent of 
our total energy demandi, but is expected to provide far more 
by the end of the century. Within ten years, more than 200 
nuclear plants will be generating some 200 million kilowatts, 
There is enough known uranium435 in the U. S, to last 
about 40 years at projected usage rates, and more is expected 
to be found, Breeder reactors, which produce more fuel than 
they Qonsume, should be available in another 1 0 years, 
Uraniuin-238 reserves are adequate for about a thousand 
years for the breeder reactor. 

By the year 2000, we will be using about three times 
more energy than we are now, Bamng unforeseen technical 
advances, this expansion must be met by the five basic 
sources^coal, oil, gas, nuclear power, and hydropower. 

How are we using all this energy? More than 40 per 
cent keep! our industries running; 25 per cent is used for 
transportation (over half of this is used to move people), 
Thirty-three per cent of our energy is used in commercial and 
residential buildings, primarily for heating and air conditioning. 

If we were able to extract all the energy that is 
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mAumWy cont^ned Jn fossil fuels, wi could drastlciUy cut 
rati t^sa thmm. As It mow standSjhowevar^ we 
oiily m lilf ©f their energy Qontaiit 
andwiMthe other half. 

ofcoal(2000 jQ^ds) from 
thanniiie tottneilectriQ fiant 
fcc Qm h^inei and ^ftimm 
whepe It is a\^tual]y 
aonmjitti^u ^liotricity. 
First of ^1, 42 per cent ^ 
of ctml n^mt leavei the ^' 
deap ntinwi; it is eitttar loit in 
tlia mninirngpro^^ or It Is too 
difriault mtii ccstly to get out of 
tta ^oursd, By compgrison, only 
20 perG^sitof the eoal wloit In strip^mlntiigs 
wtiioli li aite reason stripping hms bcconia so widespread. 
Tliis anauisthatfro^a ton of ccal that is adtually In tht 
pound, miy 1 140 founds is rainoved from a deep n&sne mi 
I paudids fjom a strip mine. 

Another ei^t pei oant U lost in proeasaing the coal mJii 
uiilidlti^nal one pmt mni in bmnsporttng It fram mlna topown 
^lant^By tha time it reaehas the plants theiafwei cnl)^iO40 
pounds of ootX from the daepmina andabcut 1 4S0 pounds 
from tha ^trlp anlna remain from the originil tent 

Vlien tiia coal Is fcumed, soine 62 par cant of iha aner^ In 
tha coal tliat actually reached tha plant Is leit. In ether wor^j 
the pcwer ptot can make good use of only 38 par caiit of th4 
enerolh Ihawah Of the ton w« started wJth^ thejiforep m 
have teaii able to extract the anirgy aqtiivaletit of only 4e& to 
SiOpoundiof coaL And It has not yet arrt^ai at ils destuiition 
as Dlectricrityi i^sit trivelithrouih transmlisiorlinas^ another 
1 0 p^m mn\ or more of pctential anergy Is Imt^ 

To matea things worsa, additional arargy ia loni onm 
thael^ctrt-clty feput to work. In lightlni, for ajtampla, le^ 



than to ptr ctnt of thf entriy is nalized. The result is that 
the equivalent of only 50 poiiiidi of t I m^m is actually 
convtrtad to useful woA fiom ihm o^inal 2,000 pcundi 
in the ^und— le^ than ttuee per cent, 

Thi sltuatioii U mt niuch better with other fuels. 
Whether we use oil» natural ow nuolear fuel to ginirtte 
eleetricityp thare are inifflciondam all along the line. If ^e 

figure out ways to i^^aase tto effickncy of our 
existing eneify systems, m could save a substantial 
amount of ouc resourcasi 

There is no such thing as an environmentally 
neutral energy systtm, ^h^mver ^e flip a light on or 
start a car, m afTeot the envlroninent in some way: 
di^ptiofk of the land, a^e^tion off solid ^mU, 

or water pollution, or a combiiiation. Even a wiitdmill 
divef is land from other uses. 

Most eniiiy is produced by burning fossU fuels^ and 
whenever combustion takes place^ poUutants are re teased into 
the atmospheie: carbon monoxide, lulfur dioxide, o^ldfs of 
mtrogen, unbuined hydrocarbons^ and ash. Millions of tons , 
of theia pollutants are disgorged Into the air each yeaT as 
a result of using energy. 

The aulonobUe h 
blgiiit polluter. Not onl^ 
automobiles and tmcks 
pouf enomious amounts 
of poUutanti Into the 
alr^ but they gontribute 
indirectly to other forms 
of pollutions Water pollv 
from oil spills and reflnery 
discharges, and land disruption frem 
pipelines and oil wells are part of the autoniobile ^yit^m. 




Even a hydjroelictric plant^ the cleanest large^cala 
producer of tmtgy we hava, causes environm^nttal daniage by 
flooding thmmnds of acres of land vihm water backs up from 
tJit d^m, Elactrio power seams clean and nori-polliiting at the 
pobit of usej^but the system tJiat produces flectricity 
creates pollution at vrarious stages, ragajdless of the fuel used 
tc ianerate it. 

look a1 m 1 ,000-nneja^vatt coal-njed alactric power 
plamt* for example* Pert of the environmental price \va pay 
fcfr such a plant depends on \vhether the coal It burns is taken 
ft om a deap mine or a strip mine. A clwp mim requires some 
9fin0mm to produca enougli coal to keep the plant 
ftp#ra<ii^; a surtice mine lequires 14,000 acres. Additional 
land is displaced for the plant that proci^es tJie coal, for the 
highway ot raihoad that transpDrts it to thB power plant, aiid 
for th^ electrical geiiarating plant itself. On an average, 1 7,000 
more acres are iietded for rightof^^ay for the transmission 
lines, (His is the same for all types of po^er plants j 
AJtO|ether^a coal-ftoed plant uses up some SOsOOO acres, 
or Ekhoixt 5C square inilis, 

Sorna water pollution also occujs as a result of 
producing elactxicity from ooal^ both from the mining process, 
and, in the forni of thermal pollution, from the conversion 
process. Air pollution, howavex, Js the most sexious 
envljoxiniental consequence of a coaMred plant. Without 
emission controls, a 1 ,0OD-megawatt plant produces mora thaii 
350^000 tons of pollutants each year; two-thlrds Is fly-ash, 
but 3n©re than 100,000 tons are to^do sulfur dioxide, carbon 
mortoxide and nitrogen oxides. Using present amission control 
devices, these poUvtants can be reduced to less than 50,000 
tans annually. But, more than 900,000 tons of solid 
wastes m created as a result of these confaoh, requiring 
IS acres a year to dispose of it. 

An oil-fired elactrie power plant of the same size is not 
as harnnful to the environment as one that burns coah Even 
though it takes a thousand on-shore oil wlls, for example. 




much 1^ land is natded to prodiice tml for the plant, O^^aralU 
an oU^^tod ^stam requires two-tJurds of the land area of a 
wal"fir@d syitem^ and most of that ii f^.>f bansnisslon 
Un^* Air poUution is also €onddemb!y Um 
in an oU^fted pow^ plant. Without 
any eontroUi tUs aniounts to 
about ISO^OOO tons a yev^ 
moitly gulf ut diosdde^ 
nitt0g#a oicides^ and 
carbon m&noxide, With 
enui^on ma^Is, tliii can r 
be out to onder 40,000 tom^ ^ 
i Uttte le^ than a coal phnt. 

Matutal gm^frnd powtr 
phuits caut0 la^ m^ronmental 
dtouption than any othar fosdl^fuel 
plant* Enusdcii ot pollutants into tihe air 
from a gai^flred plants \idthout emi^ion controlSp 
ia onljf a fraotian cf that jfroni coal cr oil-fired f lants 
with emisaion oon^ls« 

Sofna by-pTOHuots of conibustioii are potentiElly 
dangerous: Tliey create smog, darken the Mmp blot 
out the sun^ and are genemlly unhealthy^ High 
eonc^nttratlons of nitf ogen oxid^ and sulfur diojddt 
m the atmosphara trnvm been linked to r^piratory ilhcis 
and hightr death ntcs. 

With hydroelactric and nuclear powar plants^ such 
amissions are net present. Muclear plants do emit small 
quantities of lo'wJaval radiation into the atniosphere, but 
their most dgnlfiauit en^^ronmeatal problems are radloactiva 
solid wastes md the discliirge of heated water Into rivers and 
lake$^ which taises the temparaturi of the watex^ which, in 
turn^ affects the fish an4 plant life, A 1^000-niegawatt 
nucAear power plaait prdducei approxlmataly 100 oubio 
feat of radloactiva wastes each yaar^ which must ba carefully 
stored for thousands of yaars. By the year 2O0O, it is estimated 
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that radioactive wastes from nuclear power plants in this coujitry 
will amount to SOO^OCO cubic faetj enough to covfr a city 
block to a depth of about 10 feet. 

Our enviroriinent is beiiig adversely affected by energy 
production and use. As our population growi and our ineriy 
demands go up, the situation will get worse. Remedies an 
costly: Pollution control devices on automobiles, forexamplej 
incrtasad tte cost of autoniobiles and reduced the efficiency 
of their engines, SOj a nieasuTe to protect the environment 
not only ntiade cars mere expensivf ^ it mcreased energy 
consumption. Emission contool devices for electric powi 
plants have, in turn. Increased the cost of electricity. 

H0W5 then, are we going to aacomplish 
thase two important obj ictives : 
First, to provide energy 
for economic powth 
and, second, to preserve 
the enwoninent for 
ourselves and 
for future 
lenerations? 
How are we going to * 
maintain a balance 
between our need for 
energy and our desire for a clean 
envlronn^ent? Measures can be taken to help achiwe 
these goals. TTiay inwlva population growth, conservation of 
resoureeSs and development of new energy systenis, 

Population 

Each day, the averaie American uses the energy from 
13.6 pounds of coaU 3,3 gallons of oil^ 297 cubic feet of 
natural gas, 3,7 kilowtt hours of hydroelectric power and 
,7 kilowatt hours of nuclei power, A baby born today will 
consume during his lifetime, 175 tons of coal, 2O0O barrels 
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of oU and 7.5 milUon 
cubic f^t of natural 
ps*And thafs basid on 
todijr's rate of 
consiiinption— a rat© 
Oiat is growing 
steadll/. 

Simple axithmetlc 
tells us that if the 
population coiitinues to 
ffovf^ v/e vfiil be using 
considijably mom energy. 
The U, S, birth rati has levied 
off; but even so, the population 
contiiiues to pow. At the pmsant rata, 
the population will not stabiiiaie until it 
reachts 275 to 300 mllUoii, 

In other parts of the world, particularly iii the 
devilcping areaSp populations aii growing rapidly and each 
new baby further strains already inadequate energy resourois- 
ThuSs if deyelopini areas are to^ovv econoinlaally, it seems 
clear that they must first deal with the population problem* 
But the rich nations^ too, muit control population grov/th. 
If m% there simply will not anough energy to go around, 
unless per capita energy consumption is held steady or 
reduced-and that seems unlikely. 




Ckmservation 

Energy in the U, S. has been cheap and the result has be 
waste. How tnany times have we walked out of a lighted rooni 
wthout bothering to turn out thelighti? Or driven a couple 
of mines to pick up an unimportant item? These days of waste 
seem to bt over now^ as shortagas and higher prices teach us a 
hard and important lesson: We must toarn to conserve energy 
and use it more wisely or we're going to be in serious tTDuble* 

18 
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Fortunatalyj proper consgrvatlon measures can help axtand 
our energy supplies far into the future. 

We m^st leani, for example, how to make our electric 
system more efficient, from start to finish. We are recovering 
less than 80 per cent of the coal and 40 per cent of the 
petroleum jFrom our mines and wells. W^ must recover more. 
Once these fuels reach the power plant, less than 40 pgr cent 
of theu- potential enargy is converted to electricity* We must 
do better. Almost 1 0 per cent of the enargy is lost over the 
. tonsmission lines^ but methods, though costly, are available 
for reducing ttiis almost to zero. Mora efftcient plants would 
alio signiflcantly reduce pollution. 

Many industries could use ener^ batter. By changing 
the way utilities charge for electricity^ to encourage 
conservation by industry rather than 
high usage, would make saving 
enargy profitable. It is estimated^ 
for examplSj that seven per cent 
of om total energy is used by the 
Elumlnum industry. It takes much 
less energy to recycle aluminum 
than it does to produce aluminum < 
from ore. Thus, higher energy 
costs would not only reduce 
industrial consumption, but it 
might also have the happy result 
of getting beer cans off our roadsides. 

Substantial energy could be saved in 
transportation. Automobiles, trucks and other fonns of 
transportation could be made to use fuel more efficiently— the 
average American car gets 12 miles a gallon, By building 
smaUer and better cars, this could be doubled. 

In the effort to save gasolini, the individual motorist 
can take some signiflcant steps: 

»lJse public tmi^portetion 

— Fonn w pools 
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Test Your 



e.q: 




How much of the 
energy med in gas 
stoves supplies the 
pilot lights? 
a, 10% 
h.25% 
0. 50% 



2, Anincaadascent 



lamp and a fluorascent lamp 
having tha same light output; 
Whioh uses energy more 
efficiently? 
a. fluorescent 

incandescent 
c. both about the same efficiency 



^ 3. How many soft 
drink cans can be 
manufactured from 



*Erteriy Quotient 



recycled aluminum with 
the energy needed to 
make a single can from 
aluminum ore? 
a, three 
b* five 
c, twenty 



- 4, How long would a 
100-watt light bulb bum on the 
energy needed to manufacture 
one throw-away soft-drink 
can or bottle? 

a, 1 0 minutes 

b. 5 hours 

c, 20 hours 



S. How much of 



the energy stored in crude 
petroleum Is lost.between the 
oil well and a moving car? 

a. 20% 

b. 60% 

c. 90% 




The heat energy of 
gallon of gasolln 
is equivalent t 
a, 5 man-days of labc 
15 man-dayiof labc 
25 man-days of labc 
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ERIC 



Takt this quiz to chick your know^ledge and understandiiig 

of anergy^nvironment Issues, When yon have marked 

your answeri, turn to page 24 to see how well you have done. 



jHow much 
faster than 
fthcir rate of 
5prod!uotion 
^ara we 
IcOjtisuming 
our fossil 
tmhl 

a, 10 times 
- b. 1 ,000 times 
. c. 1,000,000 time 





— Which of the 
following fuel 
resources is in 
greatest danger 
of exhaustion? 
a« coal 

b, petroleum 

c. natural gas 



— 8. What fraction 
of the world^s 
energy consumptioii 
occurs in the U, S.? 

a. over 1 0% 

b. over 20% 

c. over 30^^ 



1 0. In the year 2000, 



American total energy 
demand v^ill be; 

a. the same as today 

b. twice as much 
as today 
three times as 



much as today 




-Drivi at ifSsoMbla spieds; no fast itaps and i^s; 

do not raee the esij^ei 
do not l^vi the m0m 
IdUflf for loag periodic 

mutaomi consoUdata 
shoppbig Mps 
mi other mauds, 

en^i weU timid. 
In our homes and commercial builflinss 
thare are ways to make important savings, Construction 
standards need to be changed; for example, proper insulation 
could save up to 50 per cant in home haatlitg costs and air» 
conditioning. Most commerdal huildift|i have been 
over-heated, over-cooled, and ©veir4|hted, Better architectural 
could reduce commercial heating and lighthig demands 
hy using less glass, better insulation, and appropriate 
heating and l^hting systems. 

Sipiificant amounts of ener»' oaii be saved in houses 

and apartmentSp too; 

^Ifi^ iveather sMppbtl on doon lod iivtadows. 
^Instdl stmn doors uid wfaidowi* 
-^Haiie tbfi furu^ cAedced and (dma^ t^uMyi 
^oie Oii fbtpla^ taxipm when not In uae. 
It has been estimated that tumtoi aU thermostats 
down two degrees in the winter and raising them tvro degrees 
in the summer could save more than hilf a niiUion barrels of 
oU a day by 1980. The winter of 1973^74 shovved us that we 
did not have to keep ow hom^s nearly as ^mm as in the 
past, and that by wearing a sweater indoors we 
could still be comfortable. 

Household appliances alio use i lot of energyp some of 
it unnecessarily, In fact, as much as 1 0 par cent of the gas 
used in tiiis country is burned by pilot lights, Much of this 
could be saved by replacing pilot lights with Ignition devlcei. 
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There are other ways of cDnserviwg energy on homg 
applianaw and lighting: 

'^XjBt mid vmtm in the wadtlr^ ina^hiMt* 
^00 not "mA dbbm under hot runniitg wnter, 
. ^Hf pub 1^1^ fauetts, 
-^Fot^5 the Inxwry of frost-frtt reMf^^toi^ and 

^Inityi fluoreseint lampi instead of s^lindard li^t 
hulbi, 

^Tum off Ughti when not in \m. 



Other Sources of Energy 

Om thing is quite clear: Unless develop altemativi 
energy sources, wt will exhaust Qur foi$il fmh sooner rather 
than latgtr. To make things wonep even if abundant fossil 
fuels mm iivaHabli, it is doubtful that tha enidronment could 
absorb tfm eveMncreasing amounts of ppUullon their burning 
would cxmU^ In sonie of our major oities we can hardly 
breathe th^ air now. For the sake of iH 
environm$ntj as will as for the need 
of a reliable energy supply, 
we must find other sources, 

Qm of the key oriteria 
for new energy sources is that 
they not pollute the envlronniant 
unnecessarily* A nuniber of 
alternativi^ energy lources are presently being devilopad that 
may, perhaps^ supply the energy of the future. 




Energy 

for the Future 

For the foriseeable future, ourewrgy will come 
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from present sowces-coal, oil, gas, nucleax Omm, md 
hydroeleetric power, although the portion provided by each 
will change is nuclear fission takas over a large share. New 
energy technologies may be developed by the end of the 
eentury, but it's doubtful thay could be supplying significant 
amounts of energy by that tima, 

Tliere are a number of possible technological 
eornbinations for providing energy In the future. In addition 
to naw tachnologiei, thera are better ways to use existing 
energy sourcas, Hera are soma of tha possibilities for tha future. 




Direct Conversion 

Direct conversion offers a number of possibilities for 
toaiisforming one typa of enariy to another. The diiact 

conversion device wa know best is the 
battery, such as tha one in our automobile 
* ^ or flaihlight, which converts chemical 
energy directly to electrical 
"energy, with no moving parts. 
Batteries do not ^aate energy^ 
however, they only store it and furnish it when 
miedid. As wa all know^ they must be racharged. 

Tha solar cell is another method of diract conversion, 
Solar calls are used extandvely in tha space propam, but 
costs have prevented their commarcial use. In time, thair 
cost may be cheap enou^ that tha roof of every home will 
be Irnplanted with solar cells. Sunshina would be absorbed by 
these cells and converted into electricity, which would ba fed 
into a bank of storage batteries, which could supply a home's 
alectric needs* Similar systems on a much larger scale 
could posdbly be used to power offica buildings 
and, perhaps, factories. 

The fuel oM is a close relative of the battery. It, too, 
convarts chemical energy directly to electrical energy; but, 
unlike tha battery, it has a continuous fuel supply, such as 
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hydlypgw and oxygen, Uftfortunately, fuel cells are too 
*0?C|>i$niive for general use, But if manufacturing costs can be 
li^^woad^ they niight beeorne importantj wWoh would be a 
hj^ppY tvm of events^ dii^ the fuels they use ai^ plantifid. 
Storage batteries may become useful adjuncts to new 
syatemi* For eKample^ a tolar poww system to a 
Tmim would i^u^e efficient batteries to store enei^ from 
lanMne for wm during tlw ni^t or on cloudy days. AlsOj 
Kmm tfpM of long-Ufa batttms nnay eventually power 

Of the direDt oonversion methods we know» the one 
th^t shows nwrt promise for top-scale energy production to 
m;ipi|tohydrodynaini^ (MHD). MHD is a method for 
len^r^tmg etecttcity by pa^ni hot combustion gases from 

fuels thioii^ a niapietic field at hi^ speed. The 
03i;tri?triely 1^ tempenturis needed to convert the fuel to 
plimim^hQ^mm^ have seated engineering problems and 
de?l»}f^^ devetopinent of MMD demcnsteation plants. A major 
**\iWtage of WHO plants is jBiat they could probably be 
0pmf^t^A at 50 to 60 p^ cent effldency-siffiiflcantly higher 
th^ OOfiventional plants, TAe MHD proce^ would also 
riinlRcantly reduce emissions from coal and oil* 

Ene3^y &om Waste 

There have bien seviral proposals over the yeiii for 
I^Dgr$ting energy from wastes whioh would 
h0lp' ^olve two problems: 
wh#t to do with the waste 
l^ow to ganerata more 
p0W«^r. One possibility^ which 
11 used already In somi 
4l^m^ te to burn waste In 
pmm plants; shredded garbage 
t^Jbf miK^d with coal or oil to 
fMil^|i9<[^1ally deigned plants. 




or converted coal-fired plants. Iri the long run, such plants 
may be more useful for waste disposal than for generating 
electricity. But right now. there is just not enough suitable 
waste to make much of a dent in the energy shortagt. The 
same holds true for methods of producing methane, the 
primary ingredient of natural gas, from agricultural wastes or 
sewage. These proposals are not yet economical in large^cale 
plants, although they may be useful in individual situations. 

Oil Shale and Coal 

There are vast deposits of oil shale and coal in the 
U. S.. and pilot projects are under way for the exttaction of 
oil from shale and in coal gasification and liquefaction. Gas 
from coal can substitute for natural gas. In fact, gas from 
coal was at one time widely used m the U. S., 
although the processes used to 
gasify the coal were crude 
and inefficient. It can be 
transported through existing 

pipelines (although not for 
great distances) > and one major 
advantage is that the sulfur 
_ *and many other pollutants in coal 
are removed in the gasification process. 
Converting coal to liquid Is more complicated and 
expensive, but it has been proven technologically. The liquid 
hydrocarbons from coal can be transported through 
existing oil pipelines and refuied, like petroleum, 
into a variety of products. 

There are about 2 trillion barrels of oil locked m the 
oil shale in the West, enough for years to come. Until recently, 
however, extraction of oil from shale has been too expensive; 
but now, with Mgher prices, oil from shale appears 

more practical, . ^ . ,j 

Mining oil shale will cause extensive physical damage 




to thi land. It takes 1,5 tons of shale to produce one barrcl of 
oil, which means thousands of acres of our most beautiful 
land must be mined. Shale pracesdng also releases large 
quantities of noxious hydrogen sulfide and other pollutants, 
and millions of gallons of water are needed to process the 
enormous quantities uf rock. Water is scarce in shale ureas and 
water pollution as a result of shale mining could become serious, 

III vtew of their serious environmental effects, new 
coal technology and oil shale recovery are obviously not 
panaceas. Until ways are found to protect the environment 
while mining and processing these fuels, they cannot 
be fully exploited. 



Geothermal 

There is only one commercial geothermal plant in the 
U. S., although geothermal energy furnishes a major part of 
Iceland's power, and is used in Italy, New Zealand, Japan, 
Mexico, and the Soviet Union. The principle is simple: Harness 
the energy from the interior of the earth, either us steam or 
superheated water (as in a geyser), or from 
heated rocks in the earth's crust. 

There are a number 
of potential geothermal 
sites in the U, S,, most 
of them in the West, / 
If all were exploited, / 
according to some 
estimates, geothermal 
plants could be supplying * 
an important share of - " 
our energy by the 
end of the century. 

These estimates 
appear overly optimistic to some 

critics, who believe the environmental effects of geothermal 
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inargy hive also bean neglected, A large geothcrmal plant, it 
is truep could felease more sulfur emissions into the air than 
a coaUflred plant of eomparable size, Water from geothermal 
sites also contains harmful salts and other chemicals and 
there is, in addition, the potential for land subsidence caused 
by the extraction of large quantities of water. 

Solar 

SoUr eneiiy is among the most promising sources of 
eneiiy for the future^ Scientists have offered a variety of 
proposals for hame^lng this limitless and virtually 
ndn^poUuting enerRr source. (The storage rooms of the 
Smithsoniin Institution in Washington^ D« are filled v^ith 
Intriguingi long*forgotten inventions using the sun-s heat for 
emtg^J) These sunestions mnge from giant desert solar farms 
to huge sateiUtas orbiting the earthi beaming the sun's energy 
back to recei^ng stations^ 

Most of these largMcale projects m in the future, 
but more modest applications of solar energy hive been used 
for years. There is plenty of room for expanding these 
systemsi with considerable energy M^ngs: Solar eneifgy for 
water hMting and spa^ heating, for exflmpk. Is wMely used 
in Ja[an« braal, and AusMUa. In this country, most Individual 
solar units used earlier in California and Florida have been 
tsJ\A displaced by the introduction of 
wP^SL cheap altematives, such as 
Q/BJm^ electricity and gas. Only a few 
^^^^ houses in the U. S, now use 
^^jk solar energy for appreciable 

>S1 amounts of their energy requirements, 

mJL I It is now becoming economical to install 

V firi solar equipment in residences, 

f apartments, office and commercial 
.^^j^biUldhip for heating, air conditioning and hot water. 
These ^stems generally consist of a large surface, or collector for 
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absorbing the sun's heat and transferring it by fluid in pipes 
to a storage area* From the storage area the system provides 
space heatj hot water, or (with a heat pump) 
air conditioning. Scientists generally agri 
that solar energy will be important 
in the long run* 

Winds and Oceans 




It sounds quixotic 
to suggest that we return to 
windmills for energy. But 
this age^Dld means of 
capturing the wind is again 
being taken seriously. 

Only certain sites are 
suitable: The Great Plains and the coastsj for example, 
have stronger^ steadier winds. But even if all sites were put to 
use^ wind could not produce significant energy^ and huge 
steel towers, with SWo-l 00 foot blades, would clutter the 
landscape* Windmills would^ however, be a non-polluting 
way to generate electricity. 

The oceans are another potential source. Tidal powerj 
for example, can be put to use where the difference between 
Wgh and low tide is substantial. There is only one commercial 
tidal-electric plant in operation in the world, on the coast of 
France. In the U. S. a few sites are feasible for such projects, 
among them the Bay of Fundy, where a tidal plant has been 
oii the drawing boards for 50 years. Unfortunately, the 
proposed plant has never been proven practical. In timej 
perhaps, a few such plants will be in operation, generating a 
fraction of our energy needs. 

Seveml other possibiliti^ offer hope for tappmg 
the energy potentbl of the oc^ns. One is to take advantage 
of the temperature differences between the surface of the 
ocean and the deeper waters, using heat engines designed to 
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oparate across these thermal gradients. Though not yet 
commercially practical, this type of energy could, in time, 
provide a large share of our requirements. 



Nuclear Power 

In the U. S., we have been using electricity from 
nuclear plants since 1957; they are now supplying about 
two per cent of our energy and over six per cent of our 
electricity. Between now and the year 2000, nuclear power 
is expected to take up much of the slack created by shortages 
in other power sources. 

One of the most promising developments in nuclear 
fission technology is the breeder reactor, which actually 
produces more nuclear fuel than it consumes. Conventional 
reactors use uranium for fuel, but less than one per cent of 
this fuel can be used in the controlled nuclear reaction that 
produces the heat needed to generate electricity. 
A breeder reactor, however, 
can convert up to 
90 per cent 
of the 




unusable uranium 
to Plutonium, a fissionable 
element that can be used to fuel 
other reactors. By using this otherwise 
wasted uranium, the breeder offers a fuel 
supply that could last for centuries. An experimental breeder 
plant is now being built in Oak Ridge, Tennessee. It Is expected 
to be in operation by the early 1980's, 

Safety Is a major consideration in nuclear power. 
There is no chance of a nuclear power plant exploding like a 
bomb, but the le^age of lowJevel radioactivity is a hazard, 
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Nuclear power plants ara dasigned with safety featurts to 
kaep this leakage well within safe limits. 

The transportatian, storage, and disposal of 
radioactive materials is one of the gravest socul 
responsibilities mankind has ever a^umed. We have aacepted 
the responsibility for protecting ourselves and generations 
to come from the effects of rmdiatlon. No one has been 
injured by radiation from a nuclear power reactor. The 
chances that a nuclear reactor could have a serious 
accident in any given year are extremely slight, but 
additional safety measures are being developed to reduce 
these odds still further. 

Of all the possible energy sources on the horizon, the 
one that holds most hope for the future is nuclear fusion. Its 
power comes from the same process by which energy Is 
generated by the sun. If it can be controlled^ fusion will 
supply us with a safe, cheap, non-polluting, virtually 
inexhaustible source of energy* But even the more optimistic 
scientists believe it will be 25 years* at leasts before 
fusion power will be available. 
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ANSWERS: 

Score 1 for each correct answefp 
poor, 6-7 Fak, 8-10 Good. 

h (c) Approximately half of the gas used in a gas stove Is used to fuel 
the pilot lights because pUot lights burn continuously, 

2. (a) Fluorescent lights give off three to four times as much light per 

v^att of eleetricity used as iiicandescent lamps do. One 40-watt 
fluorescent U^t gives more light than thm 60«watt incandescent 
bulbs (and the annual savings may be as much as S 1 0). 

3. (c) Aluminum is a very energy intonslve material with the largest 

share of the energy going to process the ore. Recycling is a 
great energy saver. The nation's total throwaway contaiiiers 
equivalent energy waste is equal to the output of 10 large 
nuclear power plants^ 

4 (b) A lOO-watt lamp could buf.^ fur 5 hours on the energy used to 
manufacture a disposable can or bottle. 

^. (c) Ninety-four per cent of the energy in the gasoline from crude 
petroleum is lost In miking your car move. The efficiencies of 
the most important steps where energy is lost are: 



en^ne mechanical efficiency 71% 
rolUng efficiency 30% 
The total efficiency of the system is found by multiplying the 
six factors together! 6%. 

6. (b) 15 man-days of labor. Said in another way, one barrel of oil 

contains heat energy equivalent to the energy of a man at hard 
labor for 2 years, 

7. (c) In less than 500 years man wili have consumed essentially all of 

the coal, oil, and gas that nature started forming 500,000,000 
years ago. By comparison, that same fraction of a calendar year 
ts approximately 30 seconds, 

8. (c) More than a third of the world*s energy is consumed by the 6% 

of the world's population residing in the United States, 

9. (c) Natural gas reserves in the U, S. are expected to be exhausted in 

about 40 years. Petroleum should last for a century. Coal, 500 
years or so, 

10. (b) For more than a century, American demand for energy has 

doubled, on the average, every 20-25 years. 



producing the crude oil 
refining 

gasoline transport 
enpne thermal efficiency 



96% 
87% 
91% 
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Fbr More 
Information 



Recent publications on enar©^ and the environment which 
you might find of interest: 

AUen Hammond pWiUiam Metz and Thomas Maugh, Enei^ 
and the Future (Wadiington: American Association for the 
Advancement of Science, 1973), 

Ih S. Council on Environmental Quality, Fn^^an^ the 
Environment CNmUngton: U, S. Government Printing Offlcej 1973)* 

Congressional Quarterly, ^m'gy OisiM ift Amerim (Washin|ton: 
Conpesdonal Quarterly Seridce, 1973). 

W, Wilson and R» JoneSj Ener^^ Ecology, and the Envbronntent 
(New York: Aoadainic PrasSs 1974). 

Exploring Energy Otoices: A Prelimimry Report (Washington: 
Ford Foundation, Energy Policy Project, 1974). 

Sam H. Schurr (ad.), Ener^, Economic Growth, and the 
Environment (Baltimore: Johns Hopkins Rrasij 1972), 

**The Ener^ Crisis: Reality or Myth,'' Annals of the American 
Academy ofMMmland ^cial Science (Vol. 410)^ Novamber 1973, 

Nucim^ Power and t^ Mmonment (Vienna: Intarnationd 
Atomic Energy Agency, 1973), 

U. S. Department of the Interior, United States Ener^: 
A Sumnmy Review (Washington: U. S. Govarrunent Printing Officep 
1972). 

U. S. Dapartment of the Interior, United States Ener^ 
Through the Ymr 2000 (Washington: U. S. Government Mnting 
Office J 972). 

Science (VoL 184), April 19, 1974 (Special issue on energy). 
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These organizations can furnish inforrnation about energy* 
Most provide books and other matirials, films, and speakers on request. 



1515 WUion Boulavard 
Arlington, Vir^nia 22209 

Ami rioin Petmliimi Institute 
1801 K Street, RW. 
Washington, D, C, 20006 

Ame ri^n Public Power A^ciatlon 
2600 Virpnia Avenue, N, W. 
Washington, D. C, 20037 

Atomfe Industrial Forum 
475 Park Avenue South 
New York, New York 1 001 6 

Eeolo^ Forum 

124 East 39th Street 
New York, New York lOOl 6 

Edison Electric Institute , 
90 Park Avenue 
New York, New York 1 001 6 

Energy Infomtf tlon Center 
505 King Avenue 
Columbus, Ohio 43201 



National Audubon Society 

1 1 30 Fifth Avenue 

New York, New York 10028 

Office of Public Affairs 

Ener^ Research and 
Development Administration 
Washiniton, D. 20545 

Sien^ Club 

1051 Mills Tower 

San Francisco, California 94104 

U. S. Department of Intmor 

18th and C Street, N,W, 
Washington, D, C. 20240 

U. Si En^onmental ftotection 
Age^ 

401 M Street, S.W, 
Wadilngton,D.C, 20460 

U. S. Fedwil Enei^ 
Administration 

Old Executiva Office Building 
Washington, D. C. 20500 
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Important 
Energy 
Words 



Atom^Thf basic building bloak of all niittar^ an atom is 
the smallist particle of a chamical element (such as iron, 
hydrogen, gold, or uranium) that still has the properties 
of that elemint, 

Barrel-Although seldom put in actual "barrels,'' crude oil 
is maasurad in a unit called the barrel, equal to 42 U, S. 
gallons. One barrel of crude oil has the same energy as 
350 pounds of coaL 

Br^er Reactor-^A nuclear reactor that makes more nuclear 
fuel than it usesi by changing certain atoms that will not 
split into atoms that will spUt, 

British Thermal Unit (BTUj— The amount of heat necessary 
to raise the temperature of one pound of water 1^ F. 

Coal--A solid fuel, mostly carbon^ formed from the fossils of 
plants living hundreds of millions of years ago. 

Coal Gasifiaation-^A chemical process to change coal into a 
fuel similar to natural gas; the biggest advantage is that lulfut 
and other pollutants in coal can be removed before it is buniad* 

Coal Liquefaation (Coai Mydrogdnation)— A chemical process 
to change coal into liquid fuels similar to gasoline and 
kerosene; compare with €o§l gQslfi^tion. 



Coolant-^Anything pumpid through a nucliar reactor to cool 
it or absorb the htat it produees. Common coolants are 
water, alTj helium, and liquid sodium metah 

Critl^l Mass— The smallest amount of nuclear fuel, like 
uranium, that will sustain a nuclear chain reaction 
of splitting atoms. 

Crude Oil— Liquid fuel formed from the fossils of animals 
and plants at the bottom of ancient seas; petroleum as it 
comes from the ground, 

Doep Mining— Mining that must be performed by digging 
underground shafts and tunnels. 

Direet Emrgy Conversion--The process of changing any 
other form of energy Into electricity without machinery 
that has moving parti. For example, a battery changes 
chemical energy into electricity by direct energy conversion. 

ffficieney, Thwmal--A measurement of how efneiently any 
device changes heat Into another energy form. For example, 
a modem coal-bumlng electric plant has about 38 per cent 
thermal efficiency because just under 4/10 of the heat from 
burning the coai is actually changed into electricity, 

inergy--The ability to do work or to make things move. 

Fission— The splitting of the nucleus (or center) of one atom 
into two or more smaller atoms; fission often releases large 
quantities of energy. 

Fission Products— The smaller atoms formed when 
atoms fission or split. 

Fly Aih--Tiny particles of solid ash in the smoke when fuels 
such as coal are burned. 

FouW Fuels-Coal, petroleum, and natural gas; this term 
applies to any fuels formed from the fossils of plants and 
animals that lived eons ago. 
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Fusl-Anything that can be burned or fissioned to 
produce heat energy, 

Fuel Cell-A device similar to a battery in which fuels such 
as hydrogen gas or methane can be directly combined with 
oxygen to produce electricity and very little heat; the 
principal by-products of the process are water or 
carbon dioxide. 

Fusion— The process of combining the nuclei or centers 
of two light atoms to form a heavier atom; fusion can 
release great quantities of energy. The sun produces its 
energy by fusion, 

Gas Cooled Rtictor--A nuclear reactor that is cooled by a 
gas like air or helium, rather than by water or other liquid. 

Gaseous Diffusion— A process by which natural uranium is 
enriched and becomes a better nuclear fuel, 

Geothermal Enepgy— Heat energy produced deep within the 
the earth largely by radioactive materials that occur 
there naturally, 

Geotharmal Steam— Steam formed by underground water 
seeping through hot rocks deep beneath the earth's surface. 

Horsapower--A unit that measures the rate at which energy 
is produced or used, A man doing heavy manual labor 
produces energy at a rate of about *08 horsepower, 

Kilowatt^A unit that measures the rate at which energy Is 
produced or used. Ten 100-watt lightbulbs use energy at the 
rate of one kilowatt (equal to 1000 watts), A rate of one 
kilowatt maintained for one hour produces or uses one 
kilowatt-hour of energy (equal to 1000 watt-hours). 

Magnetohydrodynamios (MHD)— Process that uses a magnetic 
field to produce electricity directly from the hot smoke and 
gases we get from burning fuels like coal and oil 
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Megawatt^Unlt to measurg the rate at whiah energy is 
produced or used; it is equal to 1000 kilowatts (see kilowatt). 

Mederator^Material, such as water and graphite, used in a * 
nuclear reactor to slow the speed of neutrons produced 
when atoms split, 

Natural Gai-Gaseous fuel formed from the fosills of anciant 
plants and animals; often found with crude oiL 

Natural Ursnium-Uranium as it Is found in the ground: a 
mixture of two types of uranium atoms. Less than one per 
cent of the atoms in natural uranium are tht kind that will 
produce energy in a nuclear reactor. 

Neutron— A tiny particle, exttemely heavy for its si^e, often 
found in the nucleus of an atom. Neutrons have no electrical 
charge^ and are released when atoms split (fission). 

Nuolear Powsr^The energy produced by splitting atoms (such 
as uranium) in a nuclear reactor* 

Oil Shali-Rock formed by sUt and mud settling to the bottom 
of ancient seas that contains a substance similar to crude oil. 
So-called shalB oil can be removed from the rock by heating 
and then used to make gasoline, kerosene, etc. 

Pgfrochemii^ls-Chemicali removed from ^ude oil at the 
reflnery and used to make a wide range of products such as 
plastics, synthetic fibers, detergents, and drugs. 

Petroleum^See crude ofL 

Photoiynth^ls-The process by which peen plants convert 
sunshine into chemicals, 

Ptutonium— A heavy, man-made, radioactive metal that can 
be used for fuel in a nuclear reactor, 

Radioaetivi^— A spontaneous change in the nucleus or center 
of an atom, accompanied by the release of energy called 
nuclear radiation, 

38 
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Solar Enirgy^The energy rgceivid from the sun. Nuclear and 
geotharmal enargy ara the only presently available energy 
forms not derived from the sun* 

Solar Powr-Electrlcity, heat, or other useful energy 
produced from sunshine. 

Steam Elwtric Plant— An electric power plant (either nuclear 
or one that bums coal or other fuel) In which heat boils water 
into steam, the steam is used to turn a turbine, and the 
turbine turns a generator to produca electricity. 

Strip Mining-Mining for coal or useful ores by removing the 
soil and rock found above them, rather than by 
tunneling underground. 

Surface Mining-^A synonym for strip mining* 

Thermai Pallutlon-Harmful effects to the environment that 
may be produced by the warm water releaied by electric 
'power plants into nearby lakes, mem^ or oceans, 

Thermonuolear Fusion^See fusion. 

Wastes^ RadioaotiVe^A by-product of producing power by 
splitting atoms in a nuclear power plant; some of these 
materials are highly radioactive and stay radioactive for 
long periods of time, 

Watt-See kilomtt. 



^U.i. GOVERHMEHT PR1NTIH5 OFFICE; 1975 - 540-287/17 
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